Abstract The total leukocyte count (TLC) is an important component of the complete blood count and influences many clinical decisions. The effect of race or ethnicity on TLC is not well known. The African population has been reported to have lower than normal TLC and neutrophil counts. In this study, thirty eight African students referred for medical check up to a tertiary care hospital were included. Complete blood count was done on a three part automated hematology analyzer. Blood smear examination and manual differential count was also done. The control group included 38 age and sex matched healthy individuals. Student t test was used to compare the differences between the groups. The mean TLC in African students (4.95 ± 1.09 9 10 9 /l) was significantly lower (p \ 0.0001) than that seen in the control group (7.42 ± 1.7 9 10 9 /l). The mean neutrophil percentage was also lower (49 ± 7.5%) in African students compared to the control group (63.6 ± 9.8%) [p \ 0.0001] while lymphocyte percentage was higher (45.2 ± 7.5%) in the African students as compared to the control group (31.0 ± 9.3%) [p \ 0.0001]. Absolute
Introduction
The total leukocyte count (TLC) and differential leukocyte count (DLC) are important components of the complete blood count (CBC) and influence many clinical decisions. White cell count varies in physiological conditions and many pathological states seen commonly in clinical practice. Standard normal ranges for these parameters are used in routine practice [1] .
Leukocyte count is also affected by racial and ethnic factors that are not well recognized. The African population has been reported to have lower than normal WBC and neutrophil count. Benign essential neutropenia has been described in the African, African Americans and AfroCaribbean population [2, 3] and some ethnic groups in the Middle east [3] . These individuals however, have no increase in susceptibility to infection or any other adverse effect due to the leukopenia [2] .
In the present multicultural environment, knowledge of low white cells and absolute neutrophil count in persons of African descent is important to avoid unnecessary Poster presentation in the Pediatric Hematology-Oncology (PHO) conference (PHOCON), 16-18th November, 2012, DMC and Hospital, Ludhiana.
investigations or inappropriate treatment in these otherwise healthy individuals [4] .
Materials and Methods
This study was done in the hematology laboratory of the Clinical Hematology unit of a tertiary care teaching hospital in North India. The subjects included thirty eight students from Uganda who had been admitted in a professional management college in North India. Prior to admission in the college, the students were referred to the laboratory for blood sampling as part of the routine medical examination. This included detailed history, physical examination, ophthalmic and ear, nose and throat examination along with blood tests of which CBC was a part. Blood sugar, serum creatinine and Chest X-ray were done for all students. There was no documented record of drug history, nutritional history or autoimmune disorders in these students. All of them were certified to be medically fit as per the case records.
Blood samples were collected in di-potassium EDTA containers and processed within 1 h of collection. CBC was done on Mindray BC3000 plus, a 3-part automated hematology analyzer that uses electrical impedance for cell sizing and counting. It generates 18 parameters including a three-part automated differential. All routine hematological parameters: hemoglobin, packed cell volume, red cell count, red cell indices, white cell count along with the 3-part WBC differential (including lymphocytes, granulocytes and mid zone) and platelet count were recorded. Blood smears were also made and 200 cell manual differential counts were done on Leishman stained smears. CBC parameters from 38 age and sex matched Indian students from the medical, dental and nursing college of our institution was included as control group. Student t test (unpaired) was used to compare the differences in the hematological parameters between the study and the control groups.
Results
The study group comprised of 23 male and 15 female students from Africa with age ranging from 18 to 30 years (mean 22.7 ± 3.5 years). Eight (21%) of the African students had TLC less than 4.0 9 10 9 /l, mean -3.68 ± 1.8 9 10
9 /l (range: 3.4-3.9 9 10 9 /l). Eleven of the African students had neutropenia with absolute neutrophil count (ANC) less than 2.0 9 10 9 /l. Eight of the students had anemia (hemoglobin 78-122 g/l). Only one student had concomitant anemia and leucopenia.
The mean total leukocyte count (TLC) in the African students was 4.95 ± 1.09 9 10 9 /l which was significantly lower (p \ 0.0001) as compared to that of the control group (Fig. 1a) . The mean neutrophil percentage was significantly lower (49 ± 7.5%) in the African students compared to the control group (63.6 ± 9.8%) [p \ 0.0001] (Fig. 1b) while the mean lymphocyte percentage was higher (45.2 ± 7.5%) in the African students as compared to the control group 31.0 ± 9.3% [p \ 0.0001] (Fig. 1c) . The ANC in the African students was significantly lower than that seen in the control group (2.45 ± 0.76 9 10 9 /l vs 4.76 ± 1.47 9 10 9 /l) (p \ 0.0001). Although the lymphocyte percentage was higher in the African students, the Absolute Lymphocyte count (ALC) was not significantly different (p [ 0.05) from the control group due to the concomitant lower TLC.
The platelet count was normal in all students. The detailed comparison of hematological parameters between the African students and the control group is shown in Table 1 .
The automated and manual differential counts in the study group were similar except for one student in whom these were discrepant (59.1 and 28% respectively) due to the presence of associated eosinophilia (30%). The hemoglobin, Absolute eosinophil count, ANC and ALC in this student were 167 g/l, 2.04 9 10 9 /l, 1.90 9 10 9 /l and 2.85 9 10 9 /l respectively. The student was prescribed Albendazole (400 mg 9 3 days) but did not report back for further investigations. All of the African students were asymptomatic and had no active infection. HIV, Hepatitis B and hepatitis C was negative in all the students.
Discussion
Up to 50% of persons of African ancestry and few of Middle East origin have asymptomatic neutropenia. These individual have low white cell and neutrophil counts but have no increase in susceptibility to infection or any other adverse effect. Benign ethnic neutropenia (BEN) is a condition used to describe individuals of African descent with neutrophil counts less than 1.5 9 10 9 /l in the absence of other causes [4] . Studies have shown that these individuals have normal hematopoietic stem-cell number and myeloid maturation and the reduced neutrophil count results from a lower set point in the number of marrownucleated cells, leading to slightly fewer mature neutrophils in the periphery [5, 6] .
Single nucleotide polymorphism (rs2814778) in the Duffy antigen/receptor chemokine gene (DARC) and the Duffy-null trait with genetic deletion of the Duffy antigen receptor for chemokines (DARC-null genotype) has been identified as a major determinant for neutropenia in the African population [7] [8] [9] .
Reed et al. in a comparative study of hematologic profiles of 462 healthy individuals noted whites to have a significantly greater mean concentrations of leukocytes (6.73 9 10 9 /l vs. 5.95 9 10 9 /l) and neutrophils (3.96 9 10 9 /l vs. 3.16 9 10 9 /l) as compared to blacks. No correlation was found between neutrophil count and morbidity from infection. The authors proposed the use of separate hematologic reference values for blacks and whites [10] . Another study evaluated differences in leukocyte and neutrophil counts among 3467 white and 493 black 31-45 year-old-men. In their study, black men had a 15% lower mean total leukocyte count than white men, mainly due to a 25% lower mean neutrophil count [11] .
In a large nutritional survey including 25,222 subjects, black participants had lower leukocyte counts (mean difference 0.89 9 10 9 /l (p \ 0.001) and lower neutrophil counts, 0.83 9 10 9 /l (p \ 0.001) as compared to white participants. The prevalence of neutropenia (neutrophil count \ 1.5 9 10 9 /l) was 4.5% among black participants, 0.79% among white participants, and 0.38% among Mexican-American participants [12] .
In a study in 261 healthy women, neutropenia was observed among 2.7-12.5% of the groups of predominantly African descent; Other groups which included women European descent, Barbados/Trinidad-Tobago, Dominican Republic, Haiti, and Jamaica did not show neutropenia (p \ 0 .05). Women of African origin were also more likely to have polymorphisms of African ancestry (p \ 0.001) and c199a alleles (p \ 0.0001), which were also associated with low ANC levels [13] . Other studies have also shown lower white cell and neutrophil counts in the African population [14, 15] and attempts have also been made to define ethnicity specific normal ranges [16] .
The normal reference range of absolute neutrophil count is 2.0-7.0 9 10 9 /l [1] . Eight (21%) of the African students in the present study had neutropenia (mean 1.71 ± 0.20 9 10 9 /l). Although clinically significant neutropenia cut off is less than 1.5 9 10 9 /l, the borderline neutrophil count in African individuals could result in overestimating the degree of neutropenia and initiating therapeutic measures that may not be required immediately. Also, the expected leukocytosis during infections in these individuals may be blunted with resultant underestimation of the severity of infection. A multiethnic cohort study of 27,760 elderly (C65 years) subjects has recommended that instead of a TLC cut off of 1.5 9 10 9 /l, values below 1.1 9 10 9 /l may be regarded as neutropenia in the black population [17] .
Conclusion
The total leukocyte count and neutrophil count in the African population is lower than that seen in the population elsewhere. Knowledge of this ethnic difference in blood counts has implications in avoiding unnecessary investigations and can also influence management decisions especially while deciding chemotherapy cut offs or for blood/stem cell donation in these individuals.
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